Introduction
COPD is characterized by progressive and persistent airflow limitation. 1 The disease is a major cause of chronic morbidity and is estimated to be the third leading cause of death worldwide by 2020. [2] [3] [4] Exacerbation of COPD is a significant contributor to mortality, especially in patients who require hospitalization. [5] [6] [7] [8] Several studies [9] [10] [11] [12] [13] have demonstrated that a fixed-dose combination of inhaled corticosteroids (ICS) and longacting β2-agonists (LABA) can effectively reduce the risk of COPD exacerbation.
In Taiwan, there are two fixed-dose combinations of inhaled LABA and ICS available as treatment for COPD, namely budesonide/formoterol (Symbicort Turbuhaler, AztraZeneca) and fluticasone/salmeterol (Seretide Accuhaler and Seretide Evohaler, GlaxoSmithKline). Both combinations have been shown to result in fewer exacerbation episodes and to improve quality of life. [9] [10] [11] [12] [13] However, it remains unclear whether the two combinations are equally effective at reducing the frequency of exacerbations.
Previously, our study and other studies all showed that ICSs are significantly associated with an increased risk of pneumonia in COPD patients. 13, 14 Findings from the PATHOS study revealed that budesonide/formoterol is more effective than fluticasone/salmeterol in preventing exacerbations and pneumonia in patients with moderate and severe COPD. 13, 15 However, most of the patients in that study were of Scandinavian origin, making it difficult to generalize their findings to Asian populations, such as Taiwanese.
The Taiwan National Health Insurance Research Database (NHIRD) consists of standard computerized claims documents submitted by medical institutions seeking reimbursement through the National Health Insurance (NHI) program. The NHI program provides the medical needs for more than 23 million people, representing 98% of the population in Taiwan, and records clinical diagnoses according to International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. In this population-based study, we compared the effects of budesonide/formoterol and fluticasone/salmeterol on the occurrence of severe exacerbation and pneumonia in propensity score-matched COPD patients with long-term follow-up sourced from the Taiwan NHIRD.
Methods

Data source
This study used a subset of the NHIRD comprising information on 2,200,000 individuals with COPD, representing 60.5% of all patients with heart or lung disease in the NHI database (n=3,635,539). This cohort was followed longitudinally from 1997 to 2010. The records of patients retrieved from the NHIRD were anonymized and de-identified prior to analysis. Therefore, no informed consent was required and it was specifically waived by the Institutional Review Board. Ethics approval was obtained from the Institutional Review Board of NHRI.
selection of patients with COPD
Adult patients with COPD 40 and 100 years were identified using ICD-9-CM codes 491, 492, and 496. Inclusion criteria included a record of at least three outpatient or one inpatient visits for COPD and ever undergone a lung function test within 1 year before and after the diagnosis of COPD had been established. Thus, a total of 141,855 patients were identified as having COPD. Of those patients, only 18,956 patients received a fixed ICS and LABA combination (budesonide/formoterol Turbuhaler or fluticasone/salmeterol Accuhaler or Metered Dose Inhaler) (Figure 1 ). The index date was defined as the date of the first fixed ICS/LABA combination prescription after COPD had been diagnosed. Patients were followed until 31 December 2010, or the end of treatment with a fixed combination, emigration or death.
Outcome measurements
Severe exacerbation was defined as COPD-related hospitalizations or emergency department visits. Pneumonia was defined as COPD patients who developed pneumonia requiring emergency department or hospital admission. Pneumonia requiring mechanical ventilation (MV) was defined as COPD patients with pneumonia and using MV for respiratory failure.
exposure measures and potential confounders
Fixed ICS/LABA combinations were defined as Anatomical Therapeutic Chemical (ATC) codes R03AK06 or R03AK07 as previous report.
14 COPD exacerbation events were calculated only during the same fixed ICS/LABA combination usage period. If the patient changed to the other fixed ICS/ LABA combination, the patient was censored. In order to control for potential confounding factors, data regarding the use of ICSs (ATC code R03BA), LABAs (ATC codes R03AC12 and R03AC13), short-acting β2-agonists (SABAs; ATC code R03AC), and other related drugs were assessed.
statistical analysis
We used pairwise 1:1 propensity score matching (greedy 5-to-1 digit matching without replacement) and logistic regression to reduce concerns related to nonrandom assignment of patients to treatments. 16 The propensity score method is used to reduce potential confounding caused by unbalanced covariates. The matching starts with the smallest population (7,437 patients in the budesonide/formoterol group) and matches them 1:1 to the larger treatment group. Patients treated with either treatment combination were matched on the following criteria: age, sex, number of prescriptions for antibiotics, oral steroids, ICS, long-acting and short-acting bronchodilators, diagnosis of diabetes, cancer, heart failure, hypertension, stroke, and the number of previous severe COPD exacerbations -COPD-related hospitalizations or emergency department visits.
Intention-to-treat analyses were used as the primary analyses for this study because of more reliable estimates of comparative treatment effectiveness in real-world applications. Both cohorts were followed, until the study outcome, according to original treatment allocation, regardless of adherence to or subsequent withdrawal or deviation from the inclusion criteria. In the as-treated analyses, the person-time in the as-treated population, a subset of all person-time in the intention-to-treat analyses, was censored on the day of medication add-on, switching, or discontinuation. Cox regression models were used to calculate the crude and adjusted hazard ratios (aHRs) of different outcomes including mortality, pneumonia, and pneumonia requiring MV between the two study cohorts. Adjusted HRs and 95% CIs were calculated by using Cox regression models adjusted for propensity scores (continuous).
The annual severe exacerbation event rate (emergency department visits or admissions to hospital) observed with each ICS/LABA regimen was compared between the groups using Poisson regression, with events as the dependent variable and time on specific fixed combination treatment as an offset variable. A P-value of 0.05 was considered to indicate statistical significance in all analyses. The software packages used for data analysis included SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics
Overall, 18,956 patients received a fixed ICS/LABA combination (11,519 patients receiving fluticasone/salmeterol and 7,437 patients receiving budesonide/formoterol). Table 1 summarizes the demographic characteristics of these two groups. Before propensity score matching, patients receiving fluticasone/salmeterol were older and more male patients received budesonide/formoterol. Patients receiving fluticasone/salmeterol had more frequent severe acute exacerbations, and less use of COPD inhaled and oral drugs except long-acting muscarinic antagonist effect on severe exacerbation
Following matching, the post-index all severe exacerbation rates were 1.2219 and 1.1237 per patient-year in the fluticasone/salmeterol and budesonide/formoterol groups, respectively (adjusted rate ratio 1.08, 95% CI, 1.07-1.10) ( Table 2 ). Patients treated with fluticasone/salmeterol had significantly higher rates of hospitalization (rate ratio 1.11, 95% CI, 1.08-1.13) or emergency department visits (rate ratio 1.09, 95% CI, 1.07-1.11) for COPD ( Table 2) . The results before matching were the same as following matching.
effect on pneumonia and pneumonia requiring MV
Patients receiving fluticasone/salmeterol had higher incidence rate and higher risk of pneumonia than patients receiving budesonide/formoterol (12.11 per 100 person-years vs 10.65 per 100 person-years, aHR, 1.13; 95% CI, 1.08-1.20) (Table 3 ). In addition, patients receiving fluticasone/ salmeterol had higher incidence rate and higher risk of pneumonia requiring MV than patients receiving budesonide/ formoterol (3.94 per 100 person-years vs 3.47 per 100 personyears, aHR, 1.14; 95% CI, 1.05-1.24; Table 3 ). Finally, patients receiving fluticasone/salmeterol had higher incidence rate and higher risk of mortality than patients receiving budesonide/formoterol (4.89 vs 4.50, aHR, 1.09; 95% CI, 1.01-1.17; Table 3 ). Similar results were obtained for both cohorts before propensity score matching. We obtained similar results in the sensitivity analyses (Table 4 ). In the as-treated analyses, we found the group of fluticasone/salmeterol had higher risk of pneumonia and pneumonia requiring MV. When death was treated as a competing risk, the risks of pneumonia and pneumonia requiring MV still remained lower in budesonide/formoterol group.
Discussion
This national population-based study compromising two matched cohorts each comprising 7,295 COPD patients treated with either fluticasone/salmeterol or budesonide/ formoterol has several significant findings. Most important of all, we found that the budesonide/formoterol group had fewer episodes of severe exacerbations than the fluticasone/ salmeterol group. Moreover, patients treated with budesonide/ formoterol had a significantly lower rate of hospitalization or emergency department visit for COPD exacerbation. In addition, the episodes of pneumonia and pneumonia requiring MV were significantly higher in the fluticasone/salmeterol group than in the budesonide/formoterol group. Our findings indicate that fixed combination budesonide/formoterol is more effective in preventing severe exacerbation of COPD and pneumonia than fluticasone/salmeterol. One of the strengths of the present study is that it is a nationwide population-based cross-sectional study that includes almost all patients with COPD in Taiwan. In fact, the NHI program covers 99.0% of Taiwan's population and the NHRID contains near complete follow-up information for the whole study population. In addition, the database is routinely monitored for diagnostic accuracy by the National Health Insurance Bureau. The diagnosis of COPD in most patients was made by physicians based on clinical findings without pulmonary function test results. To improve the accuracy of the COPD diagnosis, only patients who had received pulmonary function tests within 1 year of receiving a diagnosis of COPD were enrolled. In this study, we also used propensity score matching to minimize the effects of possible confounding variables. Therefore, our study should be representative of the status of patients with COPD in Taiwan who are treated with fixed ICS/LABA combinations. Besides we also performed sensitivity analyses and calculated competing risk with mortality.
Blais et al conducted a 1-year, population-based, matched cohort study of 2,262 patients using data sourced from administrative health care databases from the Canadian province of Quebec and found no significant differences in frequency of COPD exacerbations between patients treated with fluticasone/salmeterol and those who received budesonide/formoterol (0.71 vs 0.63 exacerbation/ patient-year). 17 Although the rate of COPD exacerbations in the year after the index date was lower in the budesonide/ formoterol group than in the fluticasone/salmeterol group after adjustment for confounding factors (adjusted risk ratio. 0.88, 95% CI, 0.76-1.00), the difference did not reach statistical significance. 17 In contrast, the PATHOS study in Sweden, which enrolled two cohorts of 2,738 patients each, comprising more than 19,000 patient-years, who were followed for up to 11 years, found that budesonide/ 
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severe exacerbation and pneumonia in COPD with ICs/laBa combinations effectiveness between fluticasone and budesonide. Several studies have demonstrated that fluticasone is a more lipophilic corticosteroid than budesonide, allowing for its longer retention in the airway, and that it is a more potent immunosuppressant, thereby facilitating bacterial colonization and infection-associated exacerbations. [19] [20] [21] [22] [23] There are several limitations in this study. First, we did not have detailed data on pulmonary function test results or quality of life assessment. Therefore, we could not evaluate the severity of COPD or determine whether every patient received an ICS/LABA combination according to the recommended guidelines. 1 Second, despite our use of propensity score matching, it is still possible that residual confounding factors, such as duration of COPD, smoking habit, the result of pulmonary function test or prior number of COPD exacerbation without hospitalizations were not taken into account in the analysis. Third, this study was not a randomized controlled study. Nonetheless, our findings are derived from the real world's situation, and are more likely to be reflective of common clinical practice.
Conclusion
In our retrospective comparative study of ICS/LABA medication utilization for COPD, long-term treatment with the fixed combination of budesonide/formoterol was associated with fewer health care utilization-defined exacerbations than fluticasone/salmeterol in patients with moderate and severe COPD.
formoterol was significantly associated with fewer exacerbations than fluticasone/salmeterol in the first year and that the difference between the two combinations increased with study duration. 15 The discrepancy in findings between the population-based study performed in Canada and that in Sweden may be due to differences in sample size or study duration. In our study, which included more than 30,000 patients and a longer follow-up period than in the PATHOS study or the study by Blais et al, the findings were similar to those reported in the PATHOS study. 15 Finally, consistent with previous studies in western countries, 15, 17 we found budesonide/formoterol was associated with significantly lower rates of emergency department visits and hospitalization due to COPD than fluticasone/salmeterol. The above-mentioned findings suggest that fixed combination budesonide/formoterol more effectively prevents exacerbation of COPD than fluticasone/salmeterol in Caucasian as well as Asian populations.
Several factors may help to explain the differences in effectiveness between budesonide/formoterol and fluticasone/salmeterol. For example, studies have shown that budesonide/formoterol results in a more rapid onset of bronchodilation and offers faster symptom control than fluticasone/salmeterol. 18, 19 Better symptom control may contribute to the lower rate of emergency department visits or hospitalizations in the long term. 17 The pharmacokinetic and pharmacodynamic characteristics of the two combinations may also explain, at least in part, the differences in 
